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Background
Among observational studies, the advantages of prospective cohort studies are that they are able to estimate incidence measures directly and are less vulnerable to information bias. However, participation refusal at baseline or follow-up can introduce selection bias when simultaneously associated with both exposure and the outcome 1, 2 . As a result, the association between exposure and outcome may differ between participants and non-participants.
Morton et al. 3 observed a tendency for participation in cohort studies to decrease between 1970 and 2003. As the non-participation proportion rises, vulnerability to selection bias tends to increase. Therefore, it is recommended reporting participation proportion in observational studies 4 , designing methodological studies to evaluate the impacts of non-participation and evaluating study characteristics that may influence participation 5 .
To the best of our knowledge, and in spite of its importance, no systematic evaluation of participation in observational cohort studies is available to guide choices and scientific assessment of validity of conclusions. This present study aims to perform a systematic review and meta-regression of papers describing non-participation bias in cohort studies, and evaluate the studies' characteristics associated with participation proportion.
Methods
We performed a systematic review and meta-regression following the methodology proposed by Higgins & Green 6 and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) criteria 7 . For the other data bases, the specific syntaxes corresponding to each base were used.
Search strategy
Article titles and abstracts were evaluated by two reviewers working independently in order to ascertain whether they met the criteria for inclusion in the study. Disagreements were assessed by a third reviewer.
Eligibility criteria and data extraction
As specific populations and health problems may induce large differences in participation proportions related to theses specificities, we only included population-based cohort studies on adult (18 to 75 years old) healthy people. We excluded studies that addressed specific populations (eg. pregnant women, patients with specific ailments), review studies and others (eg. genetic studies, surgery, drug therapies). Figure 1 depicts the review flow chart.
The references identified were stored and processed using the JabRef 2.10 software (http:// jabref.sourceforge.net/). We collected the participation proportion, the general characteristics of the study (year of baseline contact, place, selection strategy and study outcome). We also evaluated the characteristics of the study population including type (general population vs. working population), participation of women and the mean age. The relevant data was extracted reading the full paper.
Data analysis
A meta-analysis of participation proportion was conducted using mixed-effects models, often called binominal-normal models 8 . Given the heterogeneity of the studies (I² = 99.97%; τ² = 0.54; p < 0.001), we investigated the variables associated with the participation proportion, initially by simple meta-regression models. When the value of variance accounted for (VAF) by the model was greater than 5%, the variable was included in the multiple model. VAF indicates the percentage of total heterogeneity that is explained by each moderator. The goodness of fit of the multiple model was evaluated by the likelihood ratio test (LRT).
We analyzed the following variables: year of the baseline contact, participant mean age, proportion of women, selection strategy, population type (general population vs. employees population), study outcome -cardiovascular (baseline category), general health or others (cancer, accident, substance use, incapacity and smoking) -and study region, as divided by United Nations Statistics Division 9 into Continental Europe (baseline category), Northern Europe, USA, and
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Others (Asia or Oceania). Spearman correlation coefficient was used to evaluate the relation between the year of the baseline contact and the participation proportion.
The analyses were performed using the metafor 10 library of R software (The R Foundation for Statistical Computing, Vienna, Austria; http:// www.r-project.org).
Results
Of the 2,964 original papers initially identified, 50 were selected. Figure 1 summarizes the study selection process. Table 1 describes the objectives, database, analysis and main results of the selected papers. To evaluate participation, 29 (58%) papers compared participants and non-participants using secondary databases, 15 (30%) used the information available at baseline, and six (12%) used some way of contacting the non-respondents with small questionnaires. Logistic regression models were the most used technique to evaluate participation, used in 18 (40%) of the papers. Passive follow-up studies applied survival (7) and Poisson regression models (4) , and a few some combination of different techniques. In eight papers the evaluation was based on frequencies comparison, using baseline characteristics and/or questionnaires. Imputation, weighted regression and simulations were applied in four papers to evaluate and propose analytical methods for correcting potential bias. Table 2 describes of the overall study characteristics and sample characteristics potentially associated with participation proportion. Most of the publications are concentrated in the years from 2005 to 2014, the oldest having been published in 1978. The studies comprised 40 (80%) geographically population-based, while the remainder were of workers (8) , students (1) and recruits (1) .
Most of the studies were conducted in Northern Europe (40%). Regarding participant selection, 60% were random sample, the remainder census-based. The most frequent outcomes were overall health condition in twenty-three (46%), and cardiovascular health in forteen. Other outcomes included cancer, accident, substance use, incapacity and smoking. Participant mean age was 49.5 years (SD = 8.2 years). Mean participation proportion was 64.7%, and ranged from 32.2% to 87.3%. Women participation was slightly larger (52.6%) ( Table 2) .
A negative correlation was found between study year and participation proportion (ρ = -0.38). Figure 2 shows the downward trend in participation proportion. The dotted line indicates the linear regression, an annual rate of decrease of 0.66% (R² = 0.1; p = 0.01). The continuous line (a smooth spline) indicates a downward trend in participation, since 1985. The diameters of the circles of each study, identified by the number of the study (id) in Table 1 , is proportional to the inverse of the corresponding standard errors in the meta-regression. The larger circles are more influential in the meta-regression.
The simple meta-regression showed association only between participation proportion and year of the baseline contact (OR = 0.97; 95%CI: 0.95-0.99). The multiple meta-regression showed an association between participation proportion, year of the baseline contact (OR = 0.97; 95%CI: 0.95-0.99) and age (OR = 0.97; 95%CI: 0.95-1.00) ( Table 3 ). In other words, for one-year increase in the year of the baseline contact of the study we expect a 3% decrease in the odds of study participation. Likewise, for one-year increase in the mean age of the study participants we expect a 3% reduction in the odds of study participation.
The analysis shows residual heterogeneity τ² = 0.41 (p < 0.001) for the participation proportion, suggesting that 18.1% of total heterogeneity can be accounted for by including year of the baseline contact and age. The test for residual heterogeneity is significant (LRT = 42,252.5, df = 33, p = 0.00), indicating that other covariates not considered in the model are influencing the participation proportion.
Discussion
We found a high heterogeneity in participation proportions among the papers evaluating nonparticipation bias. The most referred characteristics described in the systematic reviewed papers were sociodemographic profile, hospitalization and cancer incidence. Mortality was larger among non-participants. However, in the meta-regression performed only year of the baseline contact and age was associated with participation.
Several strategies involving comparison between participants and non-participants have been proposed to evaluate the potential selection bias in cohort studies: questionnaires to non-participants, comparison of participants according to recruitment moment 4 and passive monitoring of the eligible population using secondary database to assess the outcome 11 , the majority of papers in our study.
The results show a decrease in participation in studies over time. The reasons for this decline are not clear, but social changes, and changes in selection and recruitment and in study designs may influence participation 3 . The decrease in participa- Flowchart of the search and selection of studies included in the meta-analysis.
Source: Moher et al. 7 .
tion may be related particularly to the increasing number of studies in recent decades, as well as the proliferation of political and marketing surveys 5 . In addition, increased requests for biological material in epidemiological studies may influence adherence negatively 3 .
Previous studies have reported the association between young age and participation cohort studies. Contrary to other articles 12, 13, 14, 15 the proportion of women in the studies showed no association with participation, not even in the simple model. The outcome of the studies was not associ- Table 1 Characteristics of studies potentially associated with participation.
Id
Reference Baseline 50 To evaluate potential predictors of retention in a cohort study and selection bias effect in rate ratio 54 To ated with participation, in spite of its importance in some of them 11, 18, 19, 20, 21, 22, 23, 24, 25 . Study region showed no association with participation, in spite of the diversity of places evaluated. Participating in studies voluntarily, giving time, information and biological material is all related to ideas of social capital and volunteering 16 , and we expected variation according to local cultural components.
Participation in studies has also been associated with behavioral variables and with general state of health. Non-participants report greater consumption of alcohol, smoking and poor general state of health 12, 15, 2019, 21, 22, 23, 26, 27, 28, 29, 30, 31, 32, 33, 34 . This information, however, are not available in most publications, limiting the scope of our study.
Strategies to increase participation proportion have been proposed in terms of persuading individuals who are reluctant or hesitant; however, willingness to participate is not always accompanied by commitment to adhere to the study in the long term 35 . Lastly, we agree with the argument of Morton et al. 3 that more information should be requested on the profile of participation and its potential bias.
There is a major need to pursue methodological studies to evaluate the impacts of non-participation on measures of effect in cohort studies. Strategies for that kind of evaluation include comparing participants with non-participants through administrative data bases (sex, age, place of residence), application of summary questionnaires and passive follow-up of eligible population to evaluate mortality 4 . Recent publications from journals with high impact factors show that nonparticipation is mostly ignored or dismissed by many authors, although some are attempting to reduce it or mention it as a limitation in their study 36 .
In conclusion, our findings suggest that the drive for participation and compliance should be assessed previously to funding the cohort study, and specific local knowledge should be included in addressing the potential participants.
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